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Mineral Fiber Exposure Assessments: 
What 

What can we measure? 
Analytical Options 

should we measure? 



Conceptual Model
for development of methods for prospective 

assessment of health risks associated with exposures 
to mineral fibers 

Effects Dose in 
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Key question: what dose in tissues/lung should not be exceeded? 
Temporal exposure issues - lifetime, short term, early life stages 



There are many different fiber risk 
assessment problems. 
logical that requirements for analytical 
methods will vary and that risk assessors 
need a suite of methods to choose from 
and/or use in combination. 

Uncertainties for what to measure are an 
impediment for development of optimum 
analytical methods for assessing risks 
from exposures to all durable fibers which 
may be inhaled. 

It is therefore 



Chrysotile asbestos 
cross-fiber vein 

Amphibole crystals in 
taconite (iron ore) 
ferroactinolite 
replacing hornblende 

5 cm 

A Major Complication for Risk Assessors: Mineral Fibers Have 
Diverse Origins and Properties When Removed from Rocks 



Phagocytosis of asbestos fibers 

pulmonary alveolar 
macrophage cell 
attempting to engulf 
and ingest several 
long crocidolite 
asbestos fibers 

incomplete ingestion 
of asbestos fibers 
can lead to extensive 
‘selective release’ of 
proteolytic enzymes 
and ROS from the 
‘frustrated’ PAMs 



Measures of Small Sizes 

• millimeter (mm) 10-3 m 

• micrometer (λm) 10 -6 m 

• nanometer (nm) 10 -9 m 

• angstrom (Å) 10-10 m 

C=C 

Si–O 1.63 Å 

1.33 Å 



Transmission Electron 
Microscope (TEM) 

It’s a fiber! 

Tempus fugit 

> 5 micrometers 



Tremolite acicular “Cleavage Fragments” ? 



Amphibole asbestos fibers 
have complex crystalline 
structures that may regulate 
size and shape changes in 
response to physical, 
chemical and biological 
processes. 

Cleavage of asbestiform 
fibers can occur and the 
resulting fibers (cleavage 
fragments?) are unlikely to 
be less toxic than the 
original fibers. 





Properties of microscopic fibers that indicate potential 
for causing asbestos-like pathologies 

• Size and shape that allows respiration, retention 
in lungs, and translocation to pleura 

• Durable, persistent in tissues 
• Aspect ratio > ? 
• Reactive surfaces, ability to induce ROS 
• High collective surface area 
• Propensity to split into thin fibers in vivo 

Thinness 



Iron Formations of the Lake 
Superior Region 

Sources of Amphibole 
Fibers 



Monitoring Amphibole Fiber Concentrations in Community Air 



1970s - Fundamental Method for Preparing Grids for 
Quantitative Particle Analysis with Analytical TEMs 



Transfer of Air Samples to Electron 

Microscope Grids






Comparison of Amphibole Fiber Size Distributions -

Air versus <20 um Tailings 



XRD measurement of 
amphibole mass 
concentrations in 
community air from one 
week high volume air 
samples: a two year 
record for three sites 



Calibration of XRD Mass Concentration to 

TEM Fiber Concentration 







TEM and XRD Methods Can Be Adapted to Many 
Types of Samples 



Dry cobb tailings <2 µm fraction 



Background 

• Concerns for risks associated with non-occupational 
exposures to mineral fibers (e.g. Reserve Mining 
Case), and interest in effects of synthetic fibers led to 
EPA research on effects associated with a wide variety 
of durable fibers during the period of 1978-1985. 

• Determination of carcinogenic potencies relative to 
known asbestos materials was a major objective. 

• The EPA laboratory at Duluth provided electron 
microscopic characterizations of samples used in 
biological tests, quantitative measurements of fiber 
doses in test animals, and determinations of dose-
response relationships. 

• This research was revisited this year in response to 
proposals for use of taconite tailings as aggregate. 



Intratracheal and Intrapleural 
Exposures of Fischer-344 Rats 

• Primary objective was to determine relative potencies 
of different fiber types for carcinogenesis 

• Studies included two samples of amphibole from 
taconite at Peter Mitchell Pit - ferroactinolite (fibrous) 
and grunerite (non-fibrous) 

• Details of bioassays and effects provided in Coffin et 
al. Toxicology Letters, 1982 

• Details of quantitative dose-response analysis 
provided in Cook et al. Toxicology Letters, 1982 
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Cook, Ann. N.Y. Acad. Sci 1979 

Why did ferroactinolite 
appear to be so potent? 

Quantitative TEM analyses of 
whole lung samples from rats 
over the two year test period 
provided complete dose 
characterizations over time. 

Cook et al. Toxicology Letters, 
1982 



All Fibers 



Short thin fibers 



Eureka! 

ferroactinolite fibers 
were dissolving and 
splitting longitudinally 
while residing in rat lung 
tissues over time. 



Anthophyllite in human lung 



Conceptual Model for Carcinogenic Potency - Pott, 1978 
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Carcinogenicity Equivalence Dose (CED) 

• A CED is the number of most potent fiber equivalents 
in the lung or pleura that results in a defined % of 
tumors. 

• CED = Σ(RCFi,j ) ( Ci,j ), where Ci,j = # fibers/organ, 
RCF is the relative carcinogenicity factor (0 - 1), and i,j 
defines each of i�j length/width categories. 

• The smaller the sample’s CED, the greater the 
predicted potency for individual fibers. 

• If amphiboles have equipotent fibers within specified 
size and shape ranges and the associated RCF 
values are reasonable, CEDs should be similar. 



Rat Intratracheal Instillation 
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Carcinogenicity Equivalence Dose = 345 million fibers/lungs 
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Carcinogenicity Equivalence Dose = 405 million fibers/lungs 

Rat Intratracheal Instillation 



Rat Intratracheal Instillation 
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Carcinogenicity Equivalence Dose = 22 million fibers/lungs 

Ferroactinolite (PMPI) 
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Carcinogenicity Equivalence Dose = 132 million fibers/lungs 

Ferroactinolite (PMPI) 

one year in rat lungs 



Summary of fiber carcinogenicity equivalence 

doses (CEDs) from relative carcinogenicity factors 


(RCFs) based on Pott’s hypothesis


Units for CEDs are millions of most potent fibers in lung 
per 5% tumors (IT) or in pleura per 30 % tumors (IP) 

amosite crocidolite ferroactinolite	 ferroactinolite non-fibrous 
– one year grunerite 

Intratracheal 345 404 22 132 > ?


Intrapleural 1149 539 72 441 > ?

The greater the CED, the less potent the amphibole (if RCFs are accurate)


Proposal: greater RCFs for short and thin fibers than those 
proposed by Pott should be investigated and considered. 



Adjust Relative Carcinogenicty Factors 
to Determine Optimum Values 

• Pott assumed short fibers have very low 
potencies and did not increase potency of 
very thin fibers. 

• Cook suggests modest increase of RCFs for 
short, thin fibers. 

• If all amphibole fibers have potencies 
primarily determined by fiber size and shape, 
carcinogenicity equivalence doses should be 
similar. 
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Carcinogenicity Equivalence Dose = 359 million fibers/lungs 
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Carcinogenicity Equivalence Dose = 551 million fibers/lungs 
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Carcinogenicity Equivalence Dose = 26 million fibers/lungs 

Ferroactinolite (PMPI) 



Rat Intratracheal Instillation 

0 to 1.25 um 
1.25 to 2.5 um 

2.5 to 5 um 
5 to 10 um 

10 to 20 um 
20 to 40 um 

1.0
u

m to
2.0

u
m 

0.5
u

m to
1.0

u
m 

0.2
5 u

m to
0.5

u
m 

0.1
25 u

m
to 0

.25
u

m 

0.0
62

5 to
0.1

25
um

 

0.0
31 to

0.0
62

5 um
 

0 to 0
.03

1 u
m 

0 

20 

40 

60 

80 

Carcinogenicity Equivalence Dose = 308 million fibers/lungs 

Ferroactinolite (PMPI) 

one year in rat lungs 



Carcinogenicity Equivalence Doses 
with Alternative RCFs 

0 

100 

200 

300 

400 

500 

600 

A
m

os
ite

 

C
ro

ci
do

lit
e 

Fe
rr

oa
ct

 

Fe
rr

oa
ct

 
1y

r 

Pott RCFs 
Cook RCFs 

M
ore Potent 

M
ill

io
n 

fib
er

s/
lu

ng
s 

fo
r 5

%
 tu

m
or

s -
IT

 

* 

* For Cook RCFs, Amosite and Crocidolite CEDs at 1 year Q 
Ferroactinolite CED at 1 year. 



Conclusions 
• Fiber splitting in vivo greatly enhanced the potency of 

ferroactinolite in rat studies. 

• Short and thin amphibole fibers appear to affect 
toxicity. ferroactinolite fibers would have 
to be regarded as many times more potent than long 
amosite or crocidolite fibers. 

• Fiber numbers and sizes retained in the lung are more 
related to risks than the numbers and sizes of fibers 
inhaled. 
Fiber retention time relationships for human disease 
risks are uncertain. 

If not, long 

Fiber durability relates to this consideration. 



Conclusions continued 
• Because risk is a function of cumulative fiber 

dose, exposures should be measured on the 
basis of all fiber sizes with consideration of 
relative carcinogenicity and fibrogenicity of 
different size and shape categories. 

• Similarly, exposure predictions should be based 
on all fiber sizes so that relative potencies can be 
included in risk assessments. 

• Quantitative TEM analyses may be used to 
calibrate PLM, XRD, and other analytical methods 
which can not directly measure all fibers. 


